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ABSTRACT 
This study was designed to assess the effect of the listening context on basic audio quality for stimuli with varied 
mid frequency range timbral degradations.  An assessment of basic audio quality was carried out in two different 
listening environments; an ITU-R BS.1116 conformant listening room and a stationary vehicle. 
A group of untrained listeners graded basic audio quality using a novel single stimulus method.  The listener 
population was divided into two subsets – one made evaluations in a listening room and the other in a vehicle.  The 
single stimulus method was investigated as a possible subjective evaluation method for use in automotive 
environments. 
1. INTRODUCTION 
As the availability of high quality automotive audio 
systems has grown, so has the need for accurate 
evaluation techniques to aid in the optimisation and 
further development of these systems.  The main 
difficulties for the optimisation of such systems lie 
with the constraints of the listening space.  Options 
for loudspeaker placement are limited, with speakers 
placed in non-optimal positions due to the 
construction of the cabin.  The interior surfaces are 
varied with numerous hard and reflective surfaces 
(such as windows and door panels) contrasting with 
absorptive upholstery.  As Bech and Martin [1] 
mention, these factors are beyond the control of the 
audio engineer  who must aim to enhance the system 
within its pre-determined environment. 
Although varied and numerous methods have been 
researched, Bech [2] states that there is currently ‘no 
standardized approach to be followed for listening 
tests of reproduced sound in cars’.  Principles from 
traditional methods for evaluating and measuring 
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audio systems can be applied, but it is considered by 
Bech and Martin [1] that these provide an 
‘incomplete representation’ of an automotive 
system’s overall sound. 
Objective evaluation methods measure particular 
characteristics of an audio system and its 
reproduction environment, enabling an accurate 
description of its inherent properties to be formed.  
The Acoustic Quality Test (AQT) method developed 
by Farina et al. [3] makes it possible to ‘visualize 
simultaneously the steady frequency response, the 
transient response and the signal-to-noise ratio’ of a 
system.  These types of measurements may aid the 
improvement of a system’s performance but require 
further comparison with subjective listener responses 
to indicate how sound quality is perceived by the 
listener. 
The discovery of which system properties are of 
importance to listeners can be achieved through 
subjective testing methods such as those researched 
by Clark [4], Ford [5] and House et al. [6].  The 
major drawback of these subjective methods is that 
they are time consuming to conduct. 
The use of existing audio test principles, such as A/B 
comparison tests between different vehicles or 
system setups, can often be difficult and expensive to 
implement.  Fast alternation between loudspeaker 
setups within one vehicle and between different 
vehicles are almost impossible and will introduce 
problems related to auditory memory.   The testing of 
systems whilst incorporating noise elements (road, 
wind, engine etc) and speed-related noise effects is 
both impractical and highly dangerous if the listener 
is expected to drive and participate in the test 
simultaneously. 
Much of the current debate in automotive audio 
evaluation revolves around preference and reference 
testing.  Reference tests aim to evaluate the ‘system's 
fidelity to a high quality reference’ whereas 
preference tests aim to discover ‘how listeners like 
the system’ [7].   
Christensen et al. [8] suggested that using a listening 
room or mastering studio as a reference to compare 
with a vehicle would mean that the loudspeakers are 
incorrectly positioned and listeners are removed from 
the ideal listening position.  Despite these issues, they 
state that ‘in tuning the car’s sound system, it is 
typically the goal of the developer to attain as similar 
an experience as possible for all occupants’.  
Although it may be possible to arrive at a system 
which will perform at the same quality level as a high 
quality reference room, it is possible that in this 
situation, some level of ‘arrogance bias’ [7] may be 
evident, with engineers’ basing developments on 
their own ideals.  It must be questioned whether or 
not the consumer population will determine the 
difference in such a case. 
Hedonic testing enables researchers to establish 
which characteristics of a system are important to 
listeners but such preferences can alter over time as 
subjects adapt to a particular environment.  
Preference methods may also prove to be less than 
ideal for assessing the perceived quality of a product.  
The listener will state preferences rather than rating 
the quality of product characteristics; this restricts 
and simplifies the information received by the 
investigator. 
Christensen et al. [8] stated that “to make fair 
comparisons of automotive audio systems, there is a 
need for systems that can provide subjects with a 
reliable impression of the sound in the cabin, while 
ensuring that they are unaware of the physical 
appearance of the car.”  This removes all vehicle 
model and branding issues from the environment, 
using simulation techniques to reproduce the car 
environment within a listening room.  This technique 
bridges the gap between objective and subjective 
methods – using physical parameters to recreate the 
environment for listeners to subjectively assess. 
Whilst simulation test paradigms such as the method 
suggested by Christensen et al. provide a solution for 
testing via binaural simulation, any contextual 
elements are removed.  Lipshitz and Vanderkooy [9] 
promoted the use of highly controlled experiments 
for subjective evaluation, stating that it is ‘essential to 
remove as a possible sort of bias any preconceptions 
which the subject might have as to the attributes of 
the components being auditioned’.  Although such 
controlled experiments aim to remove all elements of 
bias, the ecological validity is not considered.  If the 
effect of context is important to the reaction of the 
listener in automotive test situations, the removal of 
the effect may result in unrealistic experimental 
environment. 
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The experiment detailed in this paper developed this 
idea by investigating the effect of listening context on 
evaluations of basic audio quality using a single 
stimulus method (SSM).  Listening context is defined 
here as the physical situation in which an experiment 
takes place, incorporating the visual environment, the 
acoustic environment, the listening position and the 
speaker arrangement.  This definition was used as a 
means of retaining a realistic testing environment 
whilst determining which experimental factors to 
vary. 
The main research question for the study was as 
follows: 
For single stimulus evaluation, using programme 
items with varying degrees of mid frequency range 
timbral degradation, will naïve listeners grade basic 
audio quality higher in a car than in a listening 
room? 
The experiment would investigate whether the 
contextual effects of the automotive environment 
would influence the listeners to grade basic audio 
quality higher in the vehicle than in the listening 
room.  This might be due to listeners’ expectations of 
the vehicle being lower than their actual experience 
of high quality automotive audio.  In contrast, 
listeners may expect the listening room to produce a 
high quality and thus be inclined to grade the audio 
quality lower. 
The adoption of SSM provides an alternative to 
hedonic and controlled reference methods.  Although 
evidence has been presented in favour of highly 
controlled experimentation [9], the evidence against 
ecologically valid tests, particularly for automotive 
environments, is limited.  The use of SSM removes 
all points of reference; the listener has no reference 
stimulus with which to compare the test stimulus.  
Instead listeners must connect the real life situation 
with an "internal representation" [10], based on the 
"perceived and desired features of the product" [11]. 
2. METHOD 
The study was conducted at the Institute of Sound 
Recording (IOSR) at the University of Surrey.  Part 
of the investigation was carried out in an ITU-R 
BS.1116 conformant listening room; further tests 
were conducted in a left-hand drive vehicle. 
The SSM was used by all test subjects.  Each subject 
was asked to grade the audio quality of one randomly 
selected stimulus, with no reference stimulus for 
comparison. 
2.1. Subjects 
The listening subjects for the experiment were drawn 
from the university populace and with the exception 
of trained listeners from the Music & Sound 
Recording (Tonmeister) course, all students were 
invited to participate.  A total of 202 naïve listeners 
were recruited and tested over a period of 3 weeks.  
The listeners were divided into two subsets; the first 
of these experienced the test in the listening room (40 
male, 60 female) and the remainder (52 male, 50 
female) in the car. The listeners’ ages ranged from 17 
to 66 with an average age of 22 years. 
2.2. Listening Room Setup 
The listener was positioned centrally in a standard 
stereo setup in an ITU-R standard listening room.  
The test was run on a laptop, connected via a USB 
soundcard and digital mixing desk to the 
loudspeakers in the listening room.  The user 
interface was visible on an extended monitor in front 
of the listener. 
2.3. In-Car Setup 
The laptop was positioned inside the car for direct 
use by the listener.  It was connected via the USB 
soundcard directly into the amplifier of the audio 
system.  The listener was positioned in the driver’s 
seat (left-hand side) with the laptop upon their knee.  
This is demonstrated in Figure 1. 
 
Figure 1 Car testing environment 
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2.4. Test Stimuli 
Due to the nature of the single stimulus test, only a 
small number of stimuli were used.  This allowed for 
a feasible number of listening subjects within the 
time period whilst achieving a suitable number of 
data points.  For 100 listeners per context, just four 
different stimuli were used (1 type of programme 
material) to gain 25 data points per stimulus.  The 
source material used was a well-known popular 
music track. 
The four stimuli comprised the reference version 
(non-degraded) and 3 degraded versions.  Mid 
frequency range timbral degradations were used; the 
stimuli were manipulated with spectral ripples which 
were implemented using the EQ parameters on a 
digital mixing desk.  Two peaks and two troughs 
were inserted within the frequency range 500Hz to 
5kHz (a peak at 500Hz, a trough at 1.3kHz, a peak at 
2.3kHz and a trough at 4.5kHz; all with a Q=5) with 
3 levels of amplitude: 6dB, 12dB and 18dB.  Prior to 
the tests, a small number of expert listeners were 
used to judge the stimuli, checking for audibility and 
a valid range of differences.  The stimuli were aurally 
loudness equalised between the four different 
versions and set to the same level in the car and 
listening room environments. 
2.5. Test procedure 
Listeners were asked to read some simple instructions 
which presented a simple scenario under which 
conditions they should assess the audio.  For the 
listening room, listeners were presented with the 
following statement: 
 Imagine that you have recently purchased the home 
music system which you will hear in this test. 
The listeners were asked to listen to the system and 
use a Continuous Quality Scale [12] to grade their 
opinion of the audio quality.  The listeners in the car 
followed the same instructions with regards to the 
grading process, but were presented with the scenario 
stated below. 
Imagine that you have recently purchased the car 
and integrated audio system which you will hear in 
this test. 
Instructions for the Graphical User Interface (GUI) 
were given in addition to a picture of the interface.  
Participants were then given an opportunity to ask 
any questions.  Prior to the start of the test, the 
listeners completed a questionnaire, based on Bech’s 
listener selection questionnaire [13], about their 
listening habits.   
Most subjects spent 2 - 5 minutes completing the 
listening test.  Once finished they were asked to give 
an indication of how the system performed in 
comparison with their expectation, using an 
‘expectation-discrepancy’ scale [11].  A seven-point 
scale was used for their judgements along with a 
space for any additional comments on the system or 
the test – an example of the question and scale is 
shown in Figure 2. 
 
Figure 2 Expectation scale 
2.6. Graphical User Interface 
The graphical user interface (GUI), shown in Figure 
3, was designed using Max/MSP 4.5 to allow the 
listener to control the audio replay and stimuli 
grading. 
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Figure 3 Graphical User Interface 
For each new listener, a unique numerical identifier 
was inserted into the user interface and the computer 
selected a stimulus at random.  The listener then 
proceeded with the test.  On completion, the listener 
pressed the SAVE button, storing their identification 
number, the stimulus number and their audio quality 
grading to a text file.  
3. RESULTS & ANALYSIS 
The data collected from the listening test was 
analysed using the statistical package SPSS 13 [14].  
Selected results are presented in this section. 
3.1. Contextual interactions 
The first step in the analysis was to investigate the 
data related to the main research question from 
Section 1.  The hypothesis formed from this question 
was stated as follows:  
For single stimulus evaluation, naïve listeners will 
grade basic audio quality higher in a car than in a 
listening room. 
It was considered that listeners might have a low 
expectation of the audio quality in the car 
environment; this is most likely to have been 
influenced by previous experiences with a lack of 
high quality equipment or unfamiliarity with 
automotive audio.  During the experimental setup, 
participants might have been surprised by the quality 
of the car and therefore graded it highly on the scale. 
In contrast, in a listening room environment which 
could be likened to the home audio experience, the 
listener might find the experience more familiar and 
expect high quality.  This could lower the audio 
quality score if the experience was less than 
satisfactory.  Overall, it was thought that this would 
result in a higher score for the automotive 
environment. 
The graph in Figure 4 shows the audio quality score 
(Score) for the two listening contexts averaged across 
all stimuli.  Mean values and 95% confidence 
intervals are shown here and in subsequent graphs. 
 
Figure 4 Audio quality scores for two different 
contexts (scores averaged across stimuli) 
The graph demonstrates clearly that there was a 
minimal contextual difference on score when the 
stimuli are not included as separate variables as the 
mean values had similar values and 95% confidence 
intervals overlapped.   
The next stage was to incorporate context and 
stimulus into an ANOVA test, with audio quality 
score as the dependant variable.  The statistical 
model, though not ideal (R2 = 0.088) was suitable and 
the results are shown in the Appendix, with graphs of 
the interactions shown in Figures 5 and 6. 
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        Figure 5 Stimulus and Score (combined contexts)    Figure 6 Stimulus and Score (comparing contexts) 
 
The ANOVA results showed a non-significant 
interaction (p>0.05) between context and score, 
indicating a null result for the research hypothesis 
with naïve listeners grading audio quality similarly in 
both the car and the listening room. 
The interaction between context and stimulus and 
score was also non-significant, showing that when 
the stimuli are compared separately (Figure 6), there 
is minimal difference in scores for stimulus between 
the contexts. 
The ANOVA showed only one significant interaction 
– score and stimulus (p=0.005) – suggesting 
significant differences between certain pairs of 
stimuli.  Although the magnitude of the interaction, 
estimated by partial eta squared, is considered to be 
small (η2 = 0.063), this indicates that listeners were 
able to distinguish between certain pairs of stimuli. 
A multiple comparison test was used to analyse the 
interactions between all pairs of stimuli, disregarding 
context. Levene’s test was used to establish the type 
of analysis required – significance in this test 
indicated that equal variance could not be assumed, 
resulting in the use of the Games-Howell analysis for 
the multiple comparison. The results are shown in 
Table 1. 
The table shows that both the 6dB and 12dB stimuli 
were scored significantly differently to the 18dB 
stimulus (most degraded).  The reference stimulus 
was not rated significantly differently to any of the 
other stimuli.  This suggests that listeners were able 
to identify differences between the two partially 
degraded stimuli (6dB and 12dB) and the most 
degraded stimulus, but not between the reference and 
any of the other stimuli.  Listeners were also unable 
to differentiate between the two central stimuli (6dB 
and 12dB). 
To check for normal distribution of the scores for 
each of the stimuli, the residuals from the ANOVA 
analysis were examined.  These were used to plot a 
histogram and carry out a Kolmogorov-Smirnov (K-
S) test for normal distribution.  Although a visual 
examination of the distribution of the histogram 
revealed a slight skew of the distribution, the K-S test 
showed that the distribution of the quality scores was 
normal (See Appendix).  
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Table 1 Multiple Comparisons for Stimuli 
 
3.2. Expectation 
Following the context-based analysis it was decided 
to investigate the interactions between the quality 
score and the expectation score given by the listeners 
after the listening test.   
The graph in Figure 7 shows the relationship between 
the audio quality score and the expectation score.  A 
clear positive correlation is visible, with expectation 
increasing with rising audio quality.  
This correlation was confirmed using a Pearson 
Correlation test, the results of which are shown in 
Table 2.  The table shows a Pearson value of 0.735, 
verifying the correlation between score and 
expectation. 
 
Figure 7 Score and Expectation 
Multiple Comparisons
Dependent Variable: Score
Games-Howell
-1.41 3.446 .977 -10.41 7.60
-1.83 3.136 .937 -10.03 6.37
9.41 4.090 .106 -1.30 20.12
1.41 3.446 .977 -7.60 10.41
-.42 3.080 .999 -8.48 7.63
10.82* 4.047 .044 .22 21.42
1.83 3.136 .937 -6.37 10.03
.42 3.080 .999 -7.63 8.48
11.24* 3.787 .020 1.30 21.18
-9.41 4.090 .106 -20.12 1.30
-10.82* 4.047 .044 -21.42 -.22
-11.24* 3.787 .020 -21.18 -1.30
(J) Stimulus
6dB
12dB
18dB
Reference
12dB
18dB
Reference
6dB
18dB
Reference
6dB
12dB
(I) Stimulus
Reference
6dB
12dB
18dB
Mean
Difference
(I-J) Std. Error Sig. Lower Bound Upper Bound
95% Confidence Interval
Based on observed means.
The mean difference is significant at the .05 level.*. 
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Table 2 Pearson Correlation 
After using the correlation test across combined 
contexts, the test was repeated for the individual 
contexts (listening room and car).  This revealed a 
slightly greater correlation between expectation and 
score in the listening room than in the car.  The 
correlation table is shown in the Appendix.  This may 
indicate that listeners were able to equate the audio 
quality score to their expectation more easily in the 
listening room that in the car. 
The difference in the context correlations led to an 
exploration of the range of expectation scores given 
by the listening subjects.  The histograms in Figure 8 
show the comparative counts for each of the 
expectation categories.  As shown by the graphs, 
there are differences between the two contexts, 
particularly at the extremes of the expectation scale – 
much poorer and much better. 
 
Figure 8 Expectation Range 
The differences between the contexts can also be 
observed using the standard deviation of the 
expectation scores.  The standard deviation of the 
listening room score was 1.65 whereas for the car it 
was only 1.44.  This suggests that listeners in the car 
were more conservative in their expectations, with 
fewer subjects using the extremes of the scale.  It also 
goes someway to confirm the assumption that 
listeners might have found expectation easier to 
gauge in the listening room since they were less 
familiar with the identification of good quality audio 
in the automotive environment.  Although the 
avoidance of the extremes of the scale may be a 
typical listener response, this was not indicated by the 
listening room responses. 
Continuing the investigation into the relationship 
between quality score and expectation, an additional 
variable was introduced - the total cost of listeners’ 
audio equipment (taken from the questionnaire 
element of the test), and factor analysis was carried 
out.  The results (See Appendix) demonstrated that 
91% of variance in the results could be accounted for 
using just two components in the factor analysis. 
A rotated component plot (see Appendix) confirms 
the close correlation between quality score and 
expectation, but further demonstrates that neither 
score nor expectation was related to the total cost of 
the listeners’ equipment.   This indicates that 
variations in the cost of the home listening equipment 
of the listeners did not influence their quality score or 
their expectation. It was thought that subjects with 
more expensive equipment may be more 
discriminative of the audio quality or that listeners 
with less costly equipment might rate expectation 
more highly, but this was not shown by the results. 
4. DISCUSSION 
The results showed that there was a non-significant 
interaction between context and audio quality score.  
This suggests that a null result has been obtained for 
the test hypothesis, with naïve listeners grading 
quality similarly in both the car and listening room 
environments when using the single stimulus method.  
Additionally, the relationship between context, score 
and stimuli was non-significant, with listeners rating 
each individual stimulus similarly in both contexts. 
Although a null result, it was important to establish 
that SSM is not a suitable test method for this type of 
comparative investigation.  The method was 
investigated as a possible solution to the contextual 
issues which arise when evaluating automotive audio.  
Many of the alternative comparison methods 
mentioned in Section 1 focus on highly controlled 
experimental techniques, but may be considered less 
 Correlations 
1 .735 **
.000 
202 202 
.735** 1
.000
202 202 
Pearson Correlation 
Sig. (2-tailed) 
N 
Pearson Correlation 
Sig. (2-tailed) 
N 
Score 
Expectation 
Score Expectation 
Correlation is significant at the 0.01 level (2-tailed). **. 
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ecologically valid in their technique.  Using SSM 
allowed all contextual effects – acoustic environment, 
visual environment, contextually typical system 
arrangement and listening position – to be 
incorporated into the test to create a realistic testing 
environment which focussed on ecological validity 
rather than laboratory control. 
The significant relationship between score and 
stimulus demonstrated the listeners’ ability to 
distinguish between certain pairs of stimuli but not 
between all.  The lack of a reference stimulus in the 
test will have made it difficult to gauge the quality 
level of the individual stimuli, but across all listeners, 
some differentiation between stimuli was possible.   
Observing the trend of the results for all stimuli, the 
quality scores all lie around 70.  A possible 
explanation for this is contraction bias.  The absolute 
contraction bias, as described by Poulton [15], is said 
to affect the listeners’ very first judgements, which 
would concur with the SSM.  The listener carries 
with them a reference for familiar stimuli – described 
in this research as the internal reference – and when 
making the first judgement of a stimulus, the listener 
will tend towards this internal reference.  For stimuli 
which should be considered higher quality than the 
reference, the score will be underestimated and for 
stimuli of lower quality, scores will be over-
estimated.  The result is absolute contraction bias to 
an internal reference, with the mean line of the score 
pivoting around the reference point.  For this 
experiment, the internal reference of the listening 
population is approximately 70 – three quarters of the 
scale, indicating that the internal reference lies in the 
“Good” section of the scale.  It might also suggest 
that, without an external reference, listeners assume 
that a recording is “Good”, on average, coinciding 
with approximately 70 on the scale (See Figure 3). 
A short pilot test was undertaken using the multi-
stimulus with hidden reference and anchor 
(MUSHRA) method [12] with trained listeners to 
observe the difference in stimuli when given a 
reference point.  The graph in Figure 9 demonstrates 
the contraction bias – with the pivoting point at 70 – 
and shows that when given a reference trained 
listeners were able to distinguish clearly between the 
stimuli.   This result supports the supposition that the 
scores obtained from the SSM listening tests are 
affected by the contraction bias. 
The positive correlation between score and 
expectation demonstrated the listeners’ ability to 
equate their expectation to the quality score they 
awarded the stimuli.  The difference between the car 
and listening room correlations, though small, may 
indicate that listeners’ expectations of the listening 
room were closer to what they experienced in the test 
– or that the listening room was a more familiar 
environment, similar to home listening, and was 
therefore simpler to equate the expectation to the 
score.  It is also possible that the expectation affected 
the listeners’ scores rather than the quality of the 
stimuli. 
 
Figure 9 Contraction Bias – SSM and MUSHRA 
5. CONCLUSION 
This paper has described an investigation into 
contextual effects of listening room and automotive 
environments on sound quality evaluation.  A single 
stimulus method was adopted, using naïve listeners to 
evaluate the sound quality of a randomly selected 
stimulus in two listening environments in a formal 
listening test. 
The results of the investigation showed that listening 
context had no effect on score when using the single 
stimulus method.  The evidence suggests that this 
null result was due to absolute contraction bias.  This 
has proved a useful investigation to establish the 
invalidity of SSM as a possible testing method in 
automotive sound quality evaluation.  As indicated in 
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Section 1, Lipshitz and Vanderkooy [9] give 
evidence supporting A/B/X testing and other 
controlled evaluation methods but there is little 
evidence against ecologically valid subjective 
evaluation.  This research provides supporting 
evidence against the single stimulus method, which 
was developed as an alternative to A/B comparison 
methods which are complicated to implement in 
automotive environments. 
Some preliminary experiments have been carried out 
using the single stimulus method with trained 
listeners; the use of MUSHRA tests in the automotive 
and listening room environments has also been 
investigated.  Further research may incorporate both 
trained and naïve listeners in a MUSHRA test to 
investigate naïve listeners’ responses in comparison 
with those of trained listeners.  The results of these 
tests will form a future paper. 
The relationship between expectation and score may 
be a point for further investigation, but it may be 
difficult to establish the order of cause and effect for 
this interaction.  It must be questioned whether score 
is influenced by expectation and how much 
expectation is affected by the score.  A future 
experiment could request expectation scores prior to 
listening and after listening.  In this way it may be 
possible to determine some of the expectation 
influences upon sound quality evaluation in 
ecologically valid test environments. 
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8. APPENDIX 
 
Table 3 ANOVA results for Score, Context and Stimulus 
 
Figure 10 Tests for normal distribution 
 
 
One-Sample Kolmogorov-Smirnov Test
202
.0000
17.56716
.086
.050
-.086
1.216
.104
N
Mean
Std. Deviation
Normal Parametersa,b
Absolute
Positive
Negative
Most Extreme
Differences
Kolmogorov-Smirnov Z
Asymp. Sig. (2-tailed)
Residual
for score
Test distribution is Normal.a. 
Calculated from data.b. 
Tests of Between-Subjects Effects
Dependent Variable: Score
6008.530a 7 858.361 2.685 .011 .088
986941.418 1 986941.418 3086.696 .000 .941
23.499 1 23.499 .073 .787 .000
4163.359 3 1387.786 4.340 .005 .063
1866.201 3 622.067 1.946 .124 .029
62029.634 194 319.740
1059659.000 202
68038.163 201
Source
Corrected Model
Intercept
context
stimulus
context * stimulus
Error
Total
Corrected Total
Type III Sum
of Squares df Mean Square F Sig.
Partial Eta
Squared
R Squared = .088 (Adjusted R Squared = .055)a. 
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Table 4 Correlation table for Score and Expectation in both listening contexts. 
 
1.00.50.0-0.5-1.0
Component 1
1.0
0.5
0.0
-0.5
-1.0
Co
m
po
ne
n
t 2
Totalequip£
ExpectTrans score
 
Figure 11 Principal component analysis and rotated component plot 
Total Variance Explained
1.771 59.038 59.038 1.771 59.038 59.038 1.732 57.741 57.741
.964 32.137 91.174 .964 32.137 91.174 1.003 33.433 91.174
.265 8.826 100.000
Component
1
2
3
Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Extraction Method: Principal Component Analysis.
Correlations
1 .757**
.000
100 100
.757** 1
.000
100 100
1 .710**
.000
102 102
.710** 1
.000
102 102
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N
Score
ExpectationTrans
Score
ExpectationTrans
Listening Context
Listening Room
Car
Score
Expectation
Trans
Correlation is significant at the 0.01 level (2-tailed).**. 
